Nondestructive subsurface imaging in the size range from 10 to 100 nanometers is particularly challenging but would be valuable in applications ranging from device construction to cell biology. Shekhawat and Dravid (p. 89; see the Perspective by Diebold) have developed a technique, scanning near-field ultrasound holography, that takes advantage of both the phase and amplitude of scattered ultrasound waves to produce nanoscale-resolution images of internal substructure. Examples include images of voids in polymer coatings of SiN shallow trench structures and malaria parasites in red blood cells.
in packaged electronic parts. Subsurface voids can be the root cause of coating delamination or can result in the fracture of a critical structure under stress. As Shekhawat and Dravid report on page 89 of this issue, a novel form of acoustic holography has now extended the spatial resolution of this technique, thus enabling the imaging of subsurface features in a wide range of applications (2) .
A conventional scanning acoustic microscope focuses acoustic waves under the surface of a sample by means of a transducer (often made from sapphire) and scans the sample under the transducer. The sample is immersed in water. The spatial resolution is given by an equation similar to the Rayleigh criterion for a light microscope, namely = 0.51 0 /NA, where 0 = v 0 /f, v 0 is the velocity of sound in the fluid, f is the frequency of the acoustic wave, and NA is the numerical aperture. For typical acoustic microscopes, the spatial resolution is close to 100 m. Recently, scanning probe microscopy has extended the spatial resolution to the nanometer scale (3). Now, Shekhawat and Dravid have shown how scanning near-field ultrasound holography (SNFUH) can further improve spatial resolution and depth information (2) . In SNFUH, acoustic waves are launched on both the probe tip and the sample at slightly different megahertz frequencies. The interference of these two waves forms a surface acoustic standing wave. This wave is altered by subsurface features such as voids, and the change in its frequency is monitored by the AFM cantilever. Shekhawat and Dravid operate the AFM in the contact mode for hard materials and the noncontact mode for biological materials. The next step for this approach will be to develop the modeling to determine the depth dependence of the response from buried features turning two-dimensional maps into three-dimensional tomography maps.
Shekhawat and Dravid have also applied their technology to copper damascene structures observation of a void in an opaque material had previously seemed to be a nearly impossible task.
But semiconductor structures are not the only application of near-field acoustic microscopy. Shekhawat and Dravid have illustrated the imaging capability of SNFUH for biological samples. In the top panel of the second figure, a typical AFM (topography) image shows a mouse cell on a cover slip, which was treated with phosphate buffer solution. It only shows the overall outer morphology of the cell. In the middle panel of the second figure, however, the SNFUH image appears to reveal the internal substructure of the cell, including the nucleus. It is instructive to compare the SNFUH image with a typical micrograph of an animal cell (the bottom panel of the second figure) . Extra structure is observed with this additional resolution.
With further research and development, SNFUH should be able to provide even more information, such as the depth of buried features and further quantification of elastic properties.
